Ann N Y Acad Sci by Hamner, Heather C. & Tinker, Sarah C.
Fortification of corn masa flour with folic acid in the United 
States: an overview of the evidence
Heather C. Hamner and Sarah C. Tinker
National Center on Birth Defects and Developmental Disabilities, Centers for Disease Control and 
Prevention, Atlanta, Georgia
Abstract
Corn masa flour, used to make products such as corn tortillas, is a staple food for Hispanic 
populations residing in the United States, particularly among Mexican Americans and Central 
Americans. Research has indicated that Hispanic women in the United States continue to be at a 
higher risk of having a neural tube defect–affected pregnancy than women of other races/
ethnicities, even after the introduction of folic acid fortification of cereal grain products labeled as 
“enriched.” Corn masa flour has, therefore, been suggested as a potential food vehicle for folic 
acid in the United States. This paper explores the potential impact that folic acid fortification of 
corn masa flour could have on the Hispanic population in the United States.
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Introduction
Neural tube defects are serious birth defects of the brain (anencephaly) and spine (spina 
bifida) that can occur during the first month of pregnancy.1 Previous research demonstrated 
that a B vitamin, folic acid, can prevent the majority of neural tube defects if it is consumed 
before and during early pregnancy2,3 As a result of this research, the U.S. Food and Drug 
Administration (FDA) mandated in 1998 that cereal grain products labeled as enriched be 
fortified with folic acid in an effort to reduce a woman's risk of having a pregnancy affected 
by a neural tube defect.4 Since fortification of enriched cereal grain products was initiated, 
the prevalence of neural tube defects in the United States has decreased; however, racial/
ethnic disparities remain.5 This paper explores the potential impact that folic acid 
fortification of corn masa flour could have on folic acid intake and rates of neural tube 
defects, and discusses the current status of federal regulations regarding corn masa flour 
fortification.
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Current folic acid fortification policies
In 1992, the U.S. Public Health Service issued a recommendation that all women capable of 
becoming pregnant consume at least 400 μg of folic acid daily in order to reduce their risk of 
having a pregnancy affected by a neural tube defect.6 This recommendation was based on 
data from randomized controlled trials, intervention studies, and observational studies that 
indicated that folic acid could reduce the risk of neural tube defects from 35% to 100%, 
depending on the baseline prevalence of neural tube defects.2,3,7,8 This research and 
recommendation led to efforts to fortify the U.S. food supply with folic acid. In 1993, an 
amendment and a proposed addition to existing food regulations regarding folic acid were 
published in the Federal Register.9 This amendment focused on changing the standards of 
identity for cereal grain products to require the addition of folic acid at 140 μg/100 g of 
flour.9 The proposed addition would continue to allow folic acid to be added to ready-to-eat 
breakfast cereals and dietary supplements as a food additive, but at a lower level (lowered 
from 400 μg/serving to 100 μg/serving).10 In 1996, the FDA published final rules that 
modified the standard of identity for cereal grain products labeled as enriched, mandating 
that they must contain folic acid at 140 μg/100 g of flour and approving folic acid as a food 
additive for infant formulas, medical foods, and foods for special dietary use, such as meal 
replacement products, in addition to ready-to-eat cereals.4,11
Manufacturers were given until 1998 to comply with the new federal regulations. As stated 
previously, the FDA proposed reducing the amount of folic acid allowed per serving of 
ready-to-eat cereals to 100 μg in conjunction with the required addition of folic acid to 
enriched cereal grain products;11 however, after receiving concerns about this proposal 
during the public comment period and because only a small percentage of the market at that 
time had breakfast cereals with this amount of folic acid, the allowable level remained at 
400 μg/serving.11 No further federal regulations relating to folic acid in foods have been 
approved.
Impact of folic acid fortification
Since folic acid fortification of cereal grain products labeled as enriched, monitoring 
programs have shown increases in folic acid intake and blood folate concentrations, and a 
reduction in the prevalence of neural tube defects among the U.S. population. Estimates of 
usual median daily folic acid intake from cereal grain products labeled as enriched among 
nonpregnant women aged ≥19 years in the United States were 117 μg from 2003 to 2006.12 
This was similar to the amount that fortification had been estimated to provide 
(approximately 100 μg).13 Blood folate concentrations were also found to increase 
postfortification. Prefortification (1988–1994) concentrations of serum and red blood cell 
(RBC) folate increased from 14.0 nmol/L and 686 nmol/L, respectively, to 37.6 nmol/L and 
1060 nmol/L, respectively, postfortification (1999–2010) for women aged 15–44 years.14 
Prevalence rates of neural tube defects have also decreased by 36% since folic acid 
fortification, from 10.8/10,000 births in 1995–1996 to 6.9/10,000 births in 2006.5 Overall, 
there has been a significant positive health impact as a result of folic acid fortification. Some 
studies have suggested that poor vitamin B12 status could account for many of the neural 
tube defects that are occurring postfortification,15,16 and additional research into this issue 
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has been recommended. However, the impact of vitamin B12 is beyond the scope of this 
paper.
Gaps in current folic acid fortification policies
Although folic acid fortification has been successful in reducing the number of neural tube 
defects in the United States and has been identified as one of the top 10 public health 
achievements in the last decade,5,17 there are still some subpopulations who continue to 
have higher prevalence rates of neural tube defects and might not be receiving the full 
benefit of the fortification of cereal grain products labeled as enriched. For example, 
Mexican American women have lower usual mean total folic acid intake than non-Hispanic 
white women (244 μg and 332 μg, respectively).18 Serum and RBC folate concentrations 
increased from pre- to postfortification for both Mexican American and non-Hispanic white 
women; however, the disparity remained between these groups of women for each of these 
biomarkers of folate metabolism (median serum folate concentrations: prefortification 
(1988–1994), 14.0 nmol/L and 17.4 nmol/L, respectively; postfortification (2005–2010), 
35.3 nmol/L and 41.9 nmol/L, respectively; median RBC folate concentrations: 
prefortification (1988–1994), 672 nmol/L and 752 nmol/L, respectively; postfortification 
(2005–2010), 1020 nmol/L and 1480 nmol/L, respectively).14 Finally, as indicated by data 
from the 2005–2007 National Birth Defects Prevention Network, Hispanic women were 
21% more likely to have a baby affected by a neural tube defect than non-Hispanic white 
women.5
The number of Hispanics in the United States is increasing19 and the number of Hispanic 
women is estimated to be over 62 million by the year 2060.20 In 2011, the U.S. Census 
Bureau estimated that there were almost 11 million Hispanic women aged 15– 44 years in 
the United States.21 Hispanic women tend to have higher fertility rates and birth rates than 
non-Hispanic white women.22 However, Hispanic women are not a homogenous group. 
Research has indicated that differences by acculturation—a term used to describe an 
individual's integration into the dominant culture23—exist for total folic acid intake,18 folic 
acid supplement use,18 and neural tube defect prevalence.24 Mexican American women with 
lower acculturation factors (e.g., reported primarily speaking Spanish, living in the United 
States for <15 years, or being born in Mexico) have lower total usual folic acid intake than 
their more acculturated counterparts (i.e., Mexican American women who reported primarily 
speaking English, or living in the United States for ≥15 years, or being born in the United 
States).18 In addition, Mexican American women who reported primarily speaking Spanish, 
were half as likely to report consuming a folic acid–containing supplement as Mexican 
American women who reported primarily speaking English.18 Finally, Hispanic women, 
who reported speaking Spanish at home, were almost two times more likely to have a baby 
born with spina bifida than non-Hispanic white women (OR: 1.87, 95% CI: 1.48, 2.35), 
while no difference was observed between Hispanic women who reported speaking 
primarily English at home and white women (OR: 1.17, 95% CI: 0.87, 1.59).24 Given the 
increasing numbers of Hispanic women in the United States, their increased risk for having a 
pregnancy affected by a neural tube defect, and their lower folic acid consumption and 
supplement use, there is a need to address these disparities.
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Fortification of corn masa flour with folic acid
These issues led public health experts (e.g., epidemiologists, nutritionists, health education 
specialists, physicians) to identify potential interventions that could target Hispanic women. 
One such intervention was the fortification of corn masa flour with folic acid. Corn masa 
flour is used to make corn tortillas, and Mexican Americans and Central Americans report 
commonly consuming corn masa flour,25 making it a targeted fortification vehicle.
Hamner et al. estimated that fortification of corn masa flour could marginally increase usual 
total folic acid intake for all races/ethnicities but would selectively increase intake for 
Mexican Americans (Fig. 1).26,27 This modeled increase was observed particularly for 
Mexican American women with lower acculturation factors, such as those who reported 
primarily speaking Spanish (Fig. 2).27 Estimates indicated that folic acid intake could 
increase by a relative percentage of 30.5% for Mexican American women who reported 
primarily speaking Spanish, while increasing intake for non-Hispanic white women by only 
a relative percentage of 3.9%.27 Among women who reported only consuming enriched 
cereal grain products (i.e., did not report consuming any ready-to-eat cereals or folic acid-
containing supplements), the estimated impact was even higher for Mexican American 
women who reported primarily speaking Spanish (relative percentage increase of 42.9%), 
compared to non-Hispanic white women (relative percentage increase of 7.1%; Fig. 3). 
Researchers also found that fortification of corn masa flour would increase the percentage of 
women of childbearing age that meet the recommended intake of 400 μg of folic acid by 6 
percentage points for Mexican Americans and 1.1 percentage points for non-Hispanic 
whites.27
Using data from multiple sources, researchers estimated the impact that fortification of corn 
masa flour might have on the number of neural tube defects. They estimated that 40 cases/
year of neural tube defects could be prevented among Hispanic women in the United States 
with fortification of corn masa flour with folic acid, although there were some limitations 
with this estimate and many assumptions were made;28 this estimate could be as low as zero 
or as high as 120.28 Even though fortification of corn masa flour with folic acid would 
selectively increase folic acid intake among Mexican Americans, researchers found that it 
did not significantly change the percentage of the U.S. population exceeding the tolerable 
upper intake level of 1000 μg of folic acid,29 regardless of race/ethnicity or age, including 
among lower acculturated Mexican Americans, for whom intake would increase the most.30
Taking into account the increasing number of Hispanics in the United States and their 
increased risk for having a pregnancy affected by a neural tube defect, the potential impact 
that fortification of corn masa flour with folic acid could have is significant. Current U.S. 
federal regulations do not allow for the addition of folic acid to corn masa flour and would 
require a change in current standards of identity of corn masa flour or the approval of folic 
acid as a food additive for corn masa flour. In 2012, a petition to allow folic acid to be added 
to corn masa flour as a food additive was submitted to the FDA by industry and nonprofit 
organizations.31 This petition is under review by the FDA and a final ruling could take 
several years.
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Folic acid fortification in the United States has had a significant impact on multiple 
measures, including folic acid intake, blood folate concentrations, and the prevalence of 
neural tube defects.5,12,14 However, some subpopulations, including the Hispanic 
population, exhibit higher rates of neural tube defects and lower total folic acid intake.5,18,32 
Folic acid fortification of corn masa flour, a staple food product within the Hispanic 
community, has been estimated to potentially reduce the disparity in folic acid intake.26,27 
This policy-level intervention would require a change in federal regulations but could reduce 
the number of neural tube defects among Hispanic women28 and increase total folic acid 
intake among an at-risk population.26,27
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Total usual daily folic acid intake without (current) and with (modeled) folic acid 
fortification of corn masa flour for the United States population by race/ethnicity, National 
Health and Nutrition Examination Survey (NHANES) 2001–2008.
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Total usual daily folic acid intake without (current) and with (modeled) folic acid 
fortification of corn masa flour among women aged 15–44 years by race/ethnicity and 
acculturation, National Health and Nutrition Examination Survey (NHANES) 2001–2008. 
MA, Mexican American.
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Total usual daily folic acid intake without (current) and with (modeled) folic acid 
fortification of corn masa flour by race/ethnicity and acculturation among women aged 15–
44 years, who report consuming only enriched cereal grain products, National Health and 
Nutrition Examination Survey (NHANES) 2001–2008. MA, Mexican American.
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